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Introduction 


Two different communications modes in the millimeter-wave band: 
Point-to-point 


> Unidirectional 
> High gain 





Point-to-multipoint 


> Omnidirectional or conical beam 
> Lower gain 
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Literature Review 


> Vertically polarized omnidirectional/conical beam can be generated in 
the following ways: 


> Monopole 


quarter-wavelength 
monopole realized’ 
by metallic pin 





> Coaxial waveguide horn with TEM mode on the aperture 
> Circular waveguide horn with TMp, mode 
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Literature Review (Con’t) 


> Higher order mode patch: monopolar patch 








5001 SMA comes” 
M 
> Dual band (2.45 & 5.8 GHz) > Wide band (4.82-6.67 GHz) 
> TMo: and TM,, modes in the > TMyo, TMxg, and TM,, modes in the 
ircular patch equilateral triangular patch 











Motivation 


» Most of the previous conical beam designs work in the frequency bands 
lower than 60 GHz 


> Limited designs have been found at 60 GHz with conical beam 


>The quarter wavelength monopole or monopolar patch is hard to 
implement in millimeter-wave band due to fabrication limitations 


» Substrate integrated waveguide features low loss and easy integration 
with planar circuits, and thus suitable for antenna designs in this band 


Objective 
>60 GHz 8 AD 
» 57-64 GHz unlicensed band 5G 


»Conical beam radiation 
>TM; cavity mode to form vertically polarized monopole-like field 


» Easy assembly and interconnections 
> Aperture coupling mechanism 


PCB and plated through hole techniques 
> Easy and low cost 





Antenna Geometry (Initial Attempt) 

















Simulation of antenna 


F Let > Rogers 5880, €; = 2.2, 
tan 6 = 0.0009 at 10 GHz 
» Thickness: 0.787mm 








Antenna Geometry (Initial Attempt) 


> Electric field distribution at 60 GHz > Impedance bandwidth: 58.5-62 
GHz for IS,,1 <-10dB 



















> TM, cavity mode for conical 
beam 7 

> Gain: ~ 5dBi 

> 3.5 GHz absolute bandwidth 
only 





Antenna Geometry 
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Cavity 


Parametric Study 
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Freyueney (GH) 


> Rs: Radius of cavity 


> With the increase of R,, both resonant frequencies shift downwards 





» The cross-polarization levels tend to increase 


> The co-polarization level along ¢ = 0° / 180° becomes larger comp: 
along ¢ = 90° /270°, making the omnidirectional patterns not circularly 
any more 
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Cavity 









Parametric Study 
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> Ry: Radius of patch 


» Compared to R,, similar influences occur but with less effect, which 


means that the proposed antenna mainly radiated by the cavity 


Parametric Study 
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» As the excitation for the radiating cavity, the parameters related to the 
slots, such as length and separation of slots, L, and D,, are only 
sensitive to IS, especially the second resonant frequency 


Operating Principle 























TMo; mode to generate TMo; + TM; modes 
monopole-like field 


Simulated Radiation Patterns 


— = -GainPhi 57G 





0=52 








Elevation plane, ø = 0° Azimuth plane, @ = 52 





Simulated Gains 











+ 
Elevation plane 
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Azimuth plane 


























(3-dB beamwidth) | (1-dB beamwidth) 
g=0 äi 
57 GHz. ar 93 
A 60 GHz 40" 180 
Frequency (GHZ) 64 GHz 38. ar 











The average gain is the average of the gains at 4 = 0" / 180" and $ = 90" / 270. It 
gradually increases with the increase of frequency due to the gradually decreasing 3-dB 


beamwidths in the elevation plane 


The peak gain curve experiences a decreasing trend at the first half band and then a 
gradual increase at the second half band. With the increase of frequency, the 1-dB 
beamwidth in the azimuth plane increases firstly, up to 360° at 60 GHz and then 


decreases 





Measurement 
IS up to 70 GHz: Anritsu MS4647B Vector Network Analyzer 


> Radiation patterns: In-house far-field millimeter-wave antenna 
measurement system 


» Gain: Through comparison with the standard gain horn 





Measurement 


Sy (dB) 





IS,|<-10dB Simulated 56.2-64.4 GHz,13.6% 
Measured 55.7-64.1 GHz, 14.0% 
Gain Simulated 
~ 6 dBi 
Measured 


» The deviations between the simulated and measured results may be caused by the 
fabrication tolerance and the mechanical movement of the measurement setup 


Radiation Patterns 





57 GHz 60 GHz 64 GHz 








xz plane 21, 


yz plane 





Conical beam radiation patterns 
Measured and simulated radiation patterns agree well with each other 


Conclusion essa? 


» A novel 60 GHz conical beam antenna has been presented for full 
coverage of the unlicensed 57-64 GHz band 


» TMp, mode is excited within the cavity in order to generate the conical 
beam with gain around 6 dBi 


»The antenna features low-cost fabrication using PCB and easy 
assembly due to aperture coupling mechanism 


» The measurement results resemble those of the simulation 
> It is demonstrated that the antenna can be used for millimeter-wave and 


future SG communications, such as device-to-device and point-to- 
multipoint communications 





